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Using tunable vacuum-UV radiation from a synchrotron, the threshold photoelectron spectrum, threshold 
photoelectron photoion coincidence spectrum and ion breakdown diagram of the 1,1, cis-1,2 and trans-1,2 
isomers of C2H2Cl2 have been recorded in the range 9−23 eV.  The energies of the peaks in the threshold 
photoelectron spectrum are in good agreement with outer-valence Greens function caculations.  The major 
difference between the isomers, both predicted and observed experimentally is that the F~  and G~  states of 
C2H2Cl2+ are approximately degenerate for 1,1 and trans-1,2, but well separated for the cis-1,2 isomer.  The 
ground and low-lying valence states of C2H2Cl2+ are bound, with higher-lying states dissociating to C2H2Cl+ 
or C2H2+.  The translational kinetic energy release into C2H2Cl+ + Cl is determined as a function of energy.  
Isolated-state behaviour for the low-lying electronic states of C2H2Cl2+ becomes more statistical as the 
energy increases.   
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1.   Introduction 
 
It is of fundamental interest to study the effect of structural isomerisation on both the reactivity and dynamics 
of molecules.  Dichloroethene, C2H2Cl2, is an environmental pollutant and a potential human carcinogen [1].  
It exists in three isomeric forms, 1,1-, cis-1,2- and trans-1,2-, and we reported recently the rate coefficients 
and product branching ratios for the gas-phase reactions of these three isomers of C2H2Cl2 with a range of 
small cations [2].  Large isotope effects were observed for the reactions of CF3+, CF+ and H3O+, cations with 
recombination energy (RE) less than the ionisation energy (IE) of C2H2Cl2, but small isotope effects were 
also observed for ions with RE values above the IE (C2H2Cl2).  We also compared the yields for each 
reaction to the ion yields from a photon-induced threshold photoelectron photoion coincidence (TPEPICO) 
study to determine the importance of long-range charge transfer in such reactions [3,4].  We have previously 
studied the reactions of these three isomers with small anions [5].   Significant variations between the 
reactions of the three isomers were observed, but they were different in nature to the isomeric effects 
observed in the cation study.  In this paper we present a more complete account of the TPEPICO results.  
There have been many previous studies of ionisation of C2H2Cl2 at modest resolution, including several He(I) 
photoelectron studies [6-9], photoionisation [10], electron impact [11] and electron-electron coincidence 
spectroscopy [12-14].  Higher resolution, laser-induced pulsed field ionisation-photoelectron and mass-
analysed threshold ionisation spectra have been reported for the trans-1,2 isomer [15,16].  There have been 
no studies, however, which combine the measurement of both photoelectrons and photoions under 
coincidence conditions.  The main aim of this study was to see whether the three isomers of C2H2Cl2 behave 
differently under photoionisation conditions using tunable vacuum-UV radiation. 
 
2.   Experimental 
 
The apparatus used for the TPEPICO study has been described in detail previously [17].  It consists of a 
threshold electron detector and a time of flight (TOF) mass spectrometer aligned opposite each other across 
the interaction region.  With suitable electronics it is possible to detect the electrons and ions, generated from 
a precursor neutral irradiated by vacuum-UV radiation, in coincidence.  Such an experiment can determine 
the fragment ions produced from a defined electronic state of the parent cation and the kinetic energy (KE) 
release into that ion, from which the dynamics of the fragmentation may be inferred.  All measurements were 
performed using tunable vacuum-UV radiation from the Daresbury synchrotron source and a 5 m focal 
length, normal-incidence McPherson monochromator, range 8-30 eV (station 3.2). 
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Three different types of spectra can be recorded.  First, the threshold photoelectron (TPES) spectrum can be 
obtained by recording the threshold electron signal as a function of photon energy.  Second, a TPEPICO 
spectrum can be recorded by collecting the coincidence signal as a function of photon energy.  The raw 
spectrum is a three-dimensional false-colour map of coincidence counts vs. TOF vs. photon energy.  Cuts 
from the map at fixed ion TOF produce the ion yields as a function of photon energy. Finally, if the photon 
energy is fixed, higher-resolution TOF spectra can be produced at the optimum time resolution of our 
apparatus, 8 ns, limited by the time-to-digital converter.  Analysis of the peak shape of the TPEPICO-TOF 
spectrum can reveal the kinetic energy release into the ion, and hence the fraction of energy  released into 
translational motion of the fragments, <f>t.  Comparison of <f>t to impulsive and statistical models can 
indicate which mechanism operates.  The analysis and models have been discussed in detail in previous 
papers [18,19].  For a pure impulsive model, <f>t  is determined solely by kinematics, being given by μb / μf 
where μb is the reduced mass of the two atoms whose bond is broken and μf is the reduced mass of the two 
product fragments [20].  Using a statistical model, data are needed for the vibrational frequencies of the 
fragment ion [21].  If such data is not available, a lower limit for <f>t can be estimated by 1 / (x+1) where x is 
the number of  vibrational degrees of freedom in the unimolecular dissociation transition state [22]; for a 
non-linear molecule such as C2H2Cl2, x = 3N−7, which gives x = 11 when N = 6. 
 
3.   Ab initio calculations 
 
To help interpretation of the data, we calculated the structures and molecular orbitals (MO) of all three 
isomers of C2H2Cl2 using Gaussian 03 [23].  Initially, structures were optimised starting from experimental 
values given by gas-phase electron diffraction [24,25] and microwave measurements [26] at the MP2 level of 
theory using a 6-311 G+(d,p) basis set.  Optimised structures were very similar to the initially-input 
experimental structures.  We also calculated the ionisation energies of the molecular orbitals using the outer 
valence Green’s function (OVGF) method built into Gaussian 03.  Due to the limitations of this method only 
applying to outer-valence orbitals, Gaussian 03 will only perform this calculation for MOs with energies up 
to 20 eV.  The MP2 and OVGF calculations gave the same relative ordering of orbitals for all isomers of 
C2H2Cl2. 
 
4.   Energetics 
 
From the ion yield spectra, we extract appearance energies of the fragment ions at 298 K, AE298 (Table 1 
Column 2).  The AE298 values are measured from the first onset of signal above the background noise.  At the 
resolution and step size used, this is equivalent to extrapolation of the linear part of the ion yield to zero 
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signal, and more sophisticated procedures to fit the threshold region are not necessary.  For major ions, 
defined as fragments formed by breaking a single bond, AE298 can converted to an upper limit for ∆rH0298, 
the enthalpy change of the corresponding unimolecular reaction, using the method of Traeger and 
McLoughlin [27].  This methodology and its limitations when applied to these experiments are discussed 
elsewhere [4,28].  The upper limit arises due to the possible presence of an exit-channel barrier and/or a 
kinetic shift; if both are zero, the conversion is exact.  This procedure does not apply to the parent ion, strictly 
only applies for fragmentations involving a single-bond cleavage, and was developed for interpretation of 
photoionisation yields rather than state-selected TPEPICO yields.  Noting these approximations, we have 
applied this procedure to the C2H2Cl+ + Cl dissociation channel for all three isomers of C2H2Cl2, with 
vibrational frequencies of C2H2Cl+ being calculated using Gaussian 03 at the B3LYP 6-311-G+(d,p) level.  
The results are shown in Column 3 of Table 1.  The predicted enthalpies of reaction at 298 K, ∆rH0298, calc, 
listed in Column 4 are the sum of the enthalpies of formation of the products minus that of the neutral 
reactant, using the bracketed values given in kJ mol-1 in Column 1.  The product enthalpies of formation at 
298 K are taken from standard sources [29,30], those of the three isomers of C2H2Cl2 from Manion [31], 
whilst those for the isomers of C2H2Cl+ (1040, 1035 and 1033 kJ mol-1 for Cl-atom loss from 1,1-, cis-1,2- 
and trans-1,2-C2H2Cl2+, respectively) were calculated assuming that the appearance energy of these ions 
occurs at their thermochemical threshold.  These values for C2H2Cl+ supercede the slightly higher values 
given in our earlier paper [2] following a re-analysis of the ion threshold regions.  Note also that the two 
forms of C2H2Cl+ following Cl-atom loss from the cis-1,2 and trans-1,2 isomers of C2H2Cl2+ will be 
structurally similar if there is free rotation about the carbon-carbon double bond.  For the minor ions, defined 
as those formed by the cleavage of more than one bond, a comparison of AE298 for these ions with ∆rH0298, calc 
can indicate the neutral partner(s) that form from photofragmentation of the parent molecule.  
 
5.  Results 
 
Figures 1-3 present (a) the threshold photoelectron spectrum and energies of the molecular orbitals calculated 
by the OVGF method, (b) the ion yield curves, and (c) the branching ratios over the range 10-22 eV for the 
1,1, cis-1,2 and trans-1,2 isomers of dichloroethene, respectively.  The spectra were recorded with an optical 
resolution of 0.3 nm and a TOF resolution of 64 ns, allowing all possible fragment ions to fit onto one 3-D 
coincidence map.  The ionic products observed over this energy range are C2H2Cl2+, C2H2Cl+ and C2H2+.  
With a TOF resolution of 64 ns, the loss of one hydrogen atom from any of these three ions would shift the 
TOF by only one acquisition channel in the TDC.  We measured the TPEPICO-TOF spectra with a higher 
TOF resolution, 8 ns, at the energies of peaks in the threshold photoelectron spectra, but the presence of 
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C2HCl2+, C2HCl+ or C2H+ was not observed in any isomer.  We therefore assume that the H-atom loss 
channel from any of the three ion products is insignificant, in broad agreement with the interpretation of the 
electron ionisation data of Momigny [11].  
 
The adiabatic ionisation energies (IE) of the 1,1, cis-1,2 and trans-1,2 isomers of C2H2Cl2 are determined to 
be 9.78 ± 0.05, 9.62 ± 0.05 and 9.58 ± 0.05 eV, respectively.  These data are in good agreement with earlier 
studies, with the majority reporting a higher value for the IE of the 1,1 isomer.  Working under supersonic 
beam conditions, Woo et al. [15] and Bae et al. [16] report an adiabatic IE for the trans-1,2 isomer of 9.6310 
± 0.0002 and 9.6306 ± 0.0002 eV, respectively.  These values are slightly higher than our 298 K value, as 
expected for a measurement made at a much lower temperature.  In C2v symmetry, the outer-valence MOs of 
the 1,1 isomer of C2H2Cl2 are calculated at the MP2 level of theory to be: 
    ...... (7a1)2 (5b2)2 (8a1)2 (9a1)2 (6b2)2 (10a1)2 (2b1)2 (7b2)2 (11a1)2 (2a2)2 (8b2)2 (3b1)2. 
 
The corresponding orbitals of cis-1,2 C2H2Cl2, also in C2v symmetry, are labelled:  
    …… (6a1)2 (6b2)2 (7a1)2 (7b2)2 (8a1)2 (9a1)2 (8b2)2 (2b1)2 (2a2)2 (10a1)2 (9b2)2 (3b1)2 
 
Trans-1,2 C2H2Cl2 has C2h symmetry, and the orbitals are labelled:  
    ...... (6ag)2 (6bu)2 (7ag)2 (7bu)2 (8ag)2 (8bu)2 (9ag)2 (2au)2 (2bg)2 (9bu)2 (10ag)2 (3au)2. 
  
The numbering of the orbitals includes all core orbitals.  The symmetries and relative ordering of the orbitals 
are in excellent agreement with previous calculations of von Niessen et al. [7], but only the ordering for the 
1,1 isomer agrees with the Hartree-Fock self consistent field (HF-SCF) calculations of Mei et al. [12-14].  
Using our calculated MP2 geometries, we also performed HF-SCF calculations.  These gave the same 
ordering of the orbitals as the MP2-SCF calculations referred to above.  Our small differences from Mei et al. 
therefore appear to arise from the level of theory used to optimise the structures, and not the level of theory 
used in the SCF calculations. 
 
Table 2 lists experimental vertical ionisation energies (VIE) for the ground and first eight excited states, X~ - 
G~ , of the isomers of C2H2Cl2+.  For each isomer, the VIEs have been calculated by the OVGF method, these 
data are also shown in Table 2 together with the pole strengths, and the results are plotted with the TPES in 
Figs. 1(a)-3(a).  The OVGF pole strengths shown in the Figures have been normalized to the height of the 
first peak in the TPES.  The calculated VIEs are in reasonable agreement with experimental values, although 
there is some evidence that agreement worsens with decreasing electron binding energy.  The three isomers 
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have a similar progression of states whose energies change little between isomers, and our experimental 
energies are in excellent agreement with those of von Niessen et al. [7].  The only significant difference 
between the isomers is found for the F~  and G~  sixth and seventh excited states of the parent ion.  For the 1,1 
and trans-1,2 isomers, these states are very close in energy and form an unresolved peak in the TPES; the 
peak in the trans-1,2 isomer is significantly narrower, as predicted by the OVGF calculations.  For the cis-1,2 
isomer, the states have a much greater energy gap and are well resolved.  This difference can be explained by 
symmetry arguments.  In the cis-1,2 isomer, both the F~  and G~  states have 2A1 symmetry, and the states may 
interact with each other to a significant extent and become separated in energy.  For the 1,1 and trans-1,2 
isomers, these two states have different symmetries, and therefore there is no such interaction.  An alternative 
explanation can be offered from a description of the nature of these orbitals.  For all three isomers, the atomic 
orbitals which contribute to the MOs are similar.  However, for the G~  2A1 state of the cis-1,2 isomer there is 
extensive delocalisation of electron density which is not present for this state of the other isomers.  This 
difference in bonding may cause a separation in the energies of the F~  and G~  states for this isomer of 
C2H2Cl2+. 
 
The ion yields and breakdown diagrams show similar behaviour for the three isomers (Figs. 1-3, (b) and (c)).  
The ground, X~ , and first excited state, A~ , of all isomers are stable with respect to fragmentation, and the 
parent ion is the only species observed from onset of ionisation to ca. 12 eV.  The parent ion yield and the 
TPES therefore mimic each other.  In the range 12-17 eV, encompassing the B~  through G~  states of the 
parent ion, Cl-atom loss dominates, and the ion yield of C2H2Cl+ now mimics the TPES.  The 
AE298(C2H2Cl+) values from the 1,1, cis-1,2 and trans-1,2 isomers of C2H2Cl2 are 11.88 ± 0.05, 11.88 ± 0.05 
and 11.84 ± 0.05 eV, respectively.  For energies above 16 eV, C2H2+ signal is observed, and becomes the 
dominant product ion for hν > 17 eV.  Table 1 lists the fragment ions and their respective AE298 values.  As 
mentioned in Section 4, since the production of C2H2Cl+ from C2H2Cl2+ involves a simple C-Cl bond 
cleavage, it is assumed that there will be no exit-channel barrier in this reaction, and therefore that C2H2Cl+ 
turns on at its thermochemical threshold.  Values for ∆fHo298(C2H2Cl+) thus derived using the procedure of 
Traeger and McLoughlin [27] were given in Section 4.  The onsets for formation of C2H2+ (16.28 ± 0.15, 
16.47 ± 0.15 and 16.28 ± 0.15 eV for the 1,1, cis-1,2 and trans-1,2 isomers of C2H2Cl2, respectively) lie very 
close to the thermochemical threshold if two Cl atoms form with this ion, but ca. 2.5 eV above threshold if 
Cl2 is the neutral partner.  Formation of Cl2 is almost certain to involve an exit-channel barrier, so the 
experimental energetics cannot rule out this possibility.  Whilst formation of a Cl-Cl bond is easy to imagine 
following dissociation of the 1,1 and cis-1,2 isomers, the transition state from the trans-1,2 isomer is likely to 
be highly constrained, and this step seems very unlikely to occur.  The consistency of the onset for all three 
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isomers of C2H2Cl2 suggests the same mechanism is occurring.  The former reaction is therefore more likely, 
and the data suggest strongly that C2H2+ forms via secondary dissociation of C2H2Cl+.  Finally, we note that 
the isomeric effect observed in the threshold photoelectron spectra between 16-17 eV is not observed in the 
ion yields and breakdown diagram over this range. 
 
TPEPICO-TOF spectra in the non-scanning mode have been recorded at high resolution, 8 ns, at the energies 
of the peaks in the threshold photoelectron spectra.  The parent ion TOF spectra show the expected 
convolution of three Gaussian distributions centred on TOFs corresponding to ions with m/e values of 96, 98 
and 100 with weightings of 9:6:1; see ref. [18] for an example of such a fit.  TPEPICO-TOF spectra of the 
C2H2Cl+ daughter ion have been analysed in the normal way, yielding the kinetic energy release distribution 
(KERD) and hence the total average kinetic energy release, <KE>t (Table 3, Column 6) [32].  Briefly, for 
each spectrum a small basis set of peaks, each with a discrete energy release εt is computed, and assigned a 
probability.  The discrete energies are given by εt(n) = (2n−1)2∆E, where n = 1,2,3,4 …..  ∆E depends on the 
statistical quality of the data ; the higher the signal-to-noise ratio, the lower ∆E and the higher n can be set.  
Each computed peak in the kinetic energy release distribution spans the range 4(n−1)2∆E to 4n2∆E, centred at 
εt(n) + ∆E.  The reduced probability of each discrete energy, P(εt), is varied by linear regression to minimise 
the least-squared errors between the simulated and experimental TOF peak.  From the basis set of εt and 
P(εt), <KE>t is easily determined.  Thus Fig. 4(a) shows a spectrum of C2H2Cl+ formed from dissociative 
photoionisation of trans-1,2-C2H2Cl2 at 12.77 eV, the peak of the C
~  2Bg state of the parent ion, and Fig. 4(b) 
shows the KERD from which a <KE>t value of 0.36 ± 0.03 eV is determined.  The analysis can account for 
isotopomers in the daughter ion [32], and allowance is made for that component of the peak broadening 
caused by the presence of two Cl isotopes in C2H2Cl+.    
 
By comparing such <KE>t values with the available energy, the fractional release into translational energy of 
C2H2Cl+ + Cl, <f>t (expt) is determined (Table 3, Column 7).  These values for <f>t can be compared with 
the predictions of statistical and pure-impulsive models [20-22] (Table 3, Columns 8 and 9).  For all three 
isomers, the value of <f>t decreases with increasing energy.  For dissociation of the B
~  state of C2H2Cl2+, the 
value of <f>t, 0.32-0.36, is very close to the pure-impulsive value of 0.40, whereas dissociation of higher-
lying valence states leads to <f>t values less than 0.10 and much closer to the statistical value of 0.08.  This 
behaviour has been observed in previous studies by our group for similar-sized molecules [34], and is 
characteristic of behaviour based on the theories of intramolecular vibrational energy redistribution.  That is, 
as the photon energy increases, successively more electronic and vibrational states of the parent ion can be 
accessed, so there is less chance of fragmentation occurring along a specific potential energy surface via a 
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selective C−Cl bond dissociation.  Energy randomisation within the molecule is more likely to occur, leading 
to a lower value of <f>t.   
 
In studies of the reactions of small cations and anions with C2H2Cl2 [2,5], we investigated the effects of the 
isomeric form of C2H2Cl2 on rate coefficients and product branching ratios.  In the cation study, very 
significant isomeric effects were observed with CF+ and CF3+ where the recombination energy (RE) of the 
ion is less than the IE (C2H2Cl2); for example, the only product from the reaction of CF3+ with 1,1-C2H2Cl2 is 
C2H2Cl+, whereas the reaction with either 1,2 isomer only produces CHCl2+ [2].  Energetically, such 
reactions cannot proceed by charge transfer, but can only occur through the formation of a chemical complex 
in which new bonds are formed and broken, where isomeric (and steric) effects might be expected to be 
important.  For the reactions of cations with RE values greater than the IE (C2H2Cl2), the differences between 
the three isomers are less significant, but small effects (i.e. product branching ratios which differ outside 
experimental error) are observed for the reactions of SF+, CO2+, CO+ , N2+ and Ar+ whose RE values span 
10.3-15.8 eV.  Within the accuracy of our determination of product branching ratios, isomeric effects are 
insignificant for the reactions of atomic ions Kr+ (RE = 14.00 eV), F+ (17.42 eV) and Ne+ (21.56 eV), and the 
product branching ratios are similar to those from this TPEPICO study.  These reactions therefore probably 
proceed by long-range charge transfer [3,4].  We note that the atomic ion which shows anomalous behaviour, 
Ar+, has an RE value, 15.76 eV, which is close to the energy of the F~  and G~  states of C2H2Cl2+ where the 
clearest isomeric differences are observed in the threshold photoelectron spectra.  The TPEPICO results show 
that any isomeric effects following dissociative photoionisation are small, with the only clear difference 
being the behaviour of the F~  and G~  states of the parent ion in the range 15.7-17.0 eV.  We were unable to 
examine this range in the cation-molecule study in detail because a number of cations with suitable RE 
values were not readily available, thus it was not possible to see if subtle differences in the TPEPICO study 
were mirrored in the complementary study.   
 
6.   Conclusions 
 
We have studied the photoionisation dynamics of the three isomers of C2H2Cl2 using synchrotron radiation in 
the photon energy range 9–23 eV by threshold photoelectron photoion coincidence spectroscopy.  The 
energies of the electronic states of the parent ion are in excellent agreement with outer valence Green 
function calculations of the energies of the molecular orbitals of C2H2Cl2.  New upper limits have been 
determined for the enthalpy of formation at 298 K of C2H2Cl2+ and C2H2Cl+ for all isomers.  The only clearly 
observable isomeric effect in photoionisation of C2H2Cl2 is a separation of the F
~  2A1 and G
~  2A1 states of 
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C2H2Cl2+ for the cis-1,2 isomer.  Isomeric effects have been observed in the reactions of small cations and 
anions with C2H2Cl2 [2,5], but they appear to show little relationship to this effect observed in 
photoionisation.  Thus, the reactions of CF+ and CF3+ yield completely different products for the 1,1 and 1,2 
isomers.  The reactions of small anions (e.g. O−, O2−, OH−, F− and CF3−) yield C2HCl2− as the major product 
from the trans-1,2 isomer, whilst this product is not observed from the 1,1 and cis-1,2 isomers.  This is the 
only example of significantly different behaviour of the cis- and trans-1,2 isomers. 
 
The translational kinetic energy released into C2H2Cl+ + Cl at the energies of the peaks in the threshold 
photoelectron spectra has been determined for the three isomers.  For low-lying excited states of C2H2Cl2+, 
the fractional energy release has values characteristic of impulsive dissociation, suggesting that these states 
display isolated-state behaviour and dissociate along specific potential energy pathways.  For higher-lying 
excited valence states of C2H2Cl2+, the <f>t values reduce to that characteristic of statistical behaviour.  Now, 
energy is randomised rapidly in the initially-populated state of C2H2Cl2+, internal conversion occurs to the 
ground state and dissociation takes place from that surface with a smaller fraction of the available energy 
channelled into translational energy of the two products 
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Table 1.    Energetics of the dissociative ionisation pathways of isomers of C2H2Cl2. 
 
 
 AE298 a / eV ∆rH0298, exp b / eV ∆rH0298, calc c / eV 
    
Major d products of 1,1-C2H2Cl2 (2) e    
C2H2Cl2+ (946) g + e- 9.78 - 9.78 
C2H2Cl+ (1040) h + Cl (121) + e-  11.88 12.01 12.01 
Minor f products of 1,1-C2H2Cl2 (2)    
C2H2+ (1327) + Cl (121) + Cl (121) + e- 16.28 - 16.24 
C2H2+ (1327) + Cl2 (0) + e-   - 13.73 
    
Major products of cis-1,2-C2H2Cl2 (-3)    
C2H2Cl2+ (925) g + e- 9.62 - 9.62 
C2H2Cl+ (1035) h + Cl (121) + e-  11.88 12.01 12.01 
Minor products of cis-1,2-C2H2Cl2 (-3)    
C2H2+ (1327) + Cl (121) + Cl (121) + e- 16.47 - 16.29 
C2H2+ (1327) + Cl2 (0) + e-   - 13.78 
    
Major products of trans-1,2-C2H2Cl2 (-1)    
C2H2Cl2+ (923) g + e- 9.58 - 9.58 
C2H2Cl+ (1033) h + Cl (121) + e-  11.84 11.97 11.97 
Minor products of trans-1,2-C2H2Cl2 (-1)    
C2H2+ (1327) + Cl (121) + Cl (121) + e- 16.28 - 16.27 
C2H2+ (1327) + Cl2 (0) + e-   - 13.76 
    
 
 
a Experimentally derived appearance energies, measured from onset of signal above noise. 
b Experimentally measured enthalpy of reaction, derived using the method of Traeger and McLoughlin [27]. 
c Calculated value for enthalpy of reaction given by enthalpy of formation of products minus that of reactants. 
d Major products are defined as fragments caused by breaking of a single bond. 
e Literature values for ∆fH0298 are given in kJ mol-1 in brackets in column 1. 
f Minor products are defined as fragments formed by breaking of more than one bond. 
g Calculated heat of formation from ∆fH0298 for the neutral plus the appropriate measured ionisation  energy. 
h Calculated from experimental ∆rH0298  using Hess’ cycle C2H2Cl2 → C2H2Cl+ + Cl + e-. 
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Table 2.    Vertical ionisation energies for the three isomers of dichloroethene, C2H2Cl2. 
 
 
 1,1-dichloroethene cis-1,2-dichloroethene trans-1,2-dichloroethene 
State VIE a / eV OVGF b / eV VIE a / eV OVGF b / eV VIE a / eV OVGF b / eV 
       
X~  9.89 9.69  (0.91) 10.03 9.45  (0.91) 10.21 9.44  (0.91) 
A~  11.68 11.41  (0.91) 11.88 11.50  (0.91) 11.88 11.65  (0.91) 
B~  12.22 11.94  (0.91) 12.08 11.78  (0.91) 12.08 11.81  (0.91) 
C~  12.55 12.32  (0.91) 12.55 12.31  (0.91) 12.77 12.48  (0.91) 
D~  13.91 13.89  (0.91) 13.91 13.71  (0.89) 13.91 13.77  (0.90) 
E~  14.19 14.20  (0.90) 14.19 14.02  (0.91) 14.01 13.94  (0.91) 
F~  16.15 15.95  (0.90) 15.73 15.55  (0.89) 16.28 16.38  (0.88) 
G~  16.15 16.58  (0.87) 16.93 17.12  (0.88) 16.28 16.21  (0.89) 
H~  18.49 18.93  (0.86) 18.90 c 18.99 C 
       
 
 
 
a Vertical ionisation energies, this work. 
b
 Calculated vertical ionisation energies using the outer valence Greens’ functions method within Gaussian 03 [23].  The 
pole strength is shown in brackets. 
c OVGF energies are not calculated above a threshold value of 20 eV in Gaussian 03 [23]. 
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Table 3.    Total mean kinetic energy releases, <KE>t, for the two-body fragmentation of valence states of 
isomers of C2H2Cl2+. 
 
 
 
 
Parent Ion  State Daughter 
Ion 
hν / 
eV 
Eavail a / 
eV 
<KE>t / 
eV 
<f>t 
experimental b 
<f>t 
statistical 
<f>t 
impulsive 
         
1,1-C2H2Cl2+ B~  C2H2Cl
+ 12.25 0.45 0.16  0.36 0.08 0.40 
 C~   12.59 0.79 0.24 0.30 0.08 0.40 
 ED ~/~   14.19 2.39 0.60  0.25 0.08 0.40 
 GF ~/~   16.21 4.41 0.77  0.17 0.08 0.40 
 H~   18.51 6.71 0.53  0.08 0.08 0.40 
         
cis-1,2-C2H2Cl2+ B~  C2H2Cl
+ 12.55 0.75 0.24  0.32 0.08 0.40 
 ED ~/~   14.19 2.39 0.54 0.23 0.08 0.40 
 F~   15.73 3.93 0.58 0.15 0.08 0.40 
 G~   16.73 4.93 0.93 0.19 0.08 0.40 
 H~   18.90 7.10 0.49 0.07 0.08 0.40 
         
trans-1,2-C2H2Cl2+ C~  C2H2Cl+ 12.77 1.01 0.36 0.36 0.08 0.40 
 ED ~/~   14.00 2.24 0.40 0.18 0.08 0.40 
 GF ~/~   16.28 4.52 0.65 0.14 0.08 0.40 
 H~   19.34 7.58 0.53 0.07 0.08 0.40 
         
 
 
 
 
a Eavail   =  hυ + thermal energy of parent molecule at 298 K (0.08 eV) − AE298,calc.   
Vibrational frequencies of C2H2Cl2 from [33].  See text. 
 
b Given by <KE>t / Eavail. 
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Figure Captions 
 
 
Figure 1.   (a) Threshold photoelectron spectrum and calculated OVGF spectrum, (b) ion yields, (c) 
breakdown diagram for 1,1-dichloroethene over the energy range 10-22 eV.  The photon resolution is 0.3 nm. 
  
 
Figure 2.   (a) Threshold photoelectron spectrum and calculated OVGF spectrum, (b) ion yields, (c) 
breakdown diagram for cis-1,2-dichloroethene over the energy range 10-22 eV.  The photon resolution is 0.3 
nm. 
 
 
Figure 3.   (a) Threshold photoelectron spectrum and calculated OVGF spectrum, (b) ion yields, (c) 
breakdown diagram for trans-1,2-dichloroethene over the energy range 10-22 eV.  The photon resolution is 
0.3 nm. 
 
 
Figure 4.    (a) Coincidence TOF spectrum of C2H2Cl+ photoionised at 12.77 eV into the C
~  2Bg state of the 
parent ion of trans-1,2-C2H2Cl2 (black dots).  The solid line is the best fit to the data, comprised of three 
contributions with εt = 0.04, 0.36 and 1.00 eV (coloured lines).  The reduced probability of each contribution 
is shown in (b).  The fit yields a total mean translational kinetic energy, <KE>t, into C2H2Cl+ + Cl of 0.36 ± 
0.03 eV.
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Figure 4 
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